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Abstract 
A new-type hysteretic damper composed of a slitted steel plate and buckling-restraining wood panels is proposed. We 
conductonline hybrid tests of a three story building in which these dampers are installed as stud-type dampers and 
investigate the validity of design, damping effectsand ultimate behavior of the dampers. The span installing the 
dampers is tested physically, while the other backup frames are simulated numerically. Thedampers are ductile and 
stable up to large displacements, since local out-of-plane deformations of the steel plates are reduced and distributed 
around each slit end equally without concentration. The dampers begin to dissipate energy from a small (0.2%) drift 
level. More than 80% of total energy exerted in the building is dissipated in the dampers for a serviceability level 
earthquake, and more than 50% for a safety level earthquake. 
© 2011 Published by Elsevier Ltd.  
Keywords: Stud-type damper, Online test, Slitted steel plate, Out-of-plane stiffening, Wood panel. 
1. INTRODUCTION
Recently, various dampers have been introduced aiming at the enhancement of functional 
sustainability even after large earthquakes. Among them, stud-type dampers can be installed in a limited 
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area of beam spans, thus applicable to buildings with many windows or door openings, like mid-rise 
apartment buildings. In this study, a stud-type damper consisting of a thin steel plate with vertical slits 
and sandwiched by wood panels is proposed. Strength and stiffness of the damper are adjustable 
independently without changing the size of the damper or the grade of steel. The proposed damper is light 
and easy to construct and join with beams. 
We conductedonline hybrid tests of a three story building in which such dampers are installed as 
stud-type dampers and investigated the validity of design, damping effectsand ultimate behavior of the 
dampers. The span installing the dampers was tested physically, while the other backup frames were 
simulated numerically. This paper describes the basic properties of the dampers, outlines of the online 
hybrid tests, and test results. 
2. THE PROPOSED DAMPER 
The damper is a thin steel plate with some vertical slits, whose thickness is 3 to 6 mm as shown in Fig 
1. In this system, each steel plate segment separated by the slits behaves asa flexural link in parallel, 
which undergoes a larger flexural deformation than its shear deformation. However, hysteretic loops of 
the thin steel plates tend to be pinched. In order to obtain a high hysteretic damping, stiffening by panels 
is adopted as they cover the entire steel plate. For the material of the stiffening elements, wood is efficient 
for its lightness and workability. 
Fig 1: The Slitted Steel Plate damper Stiffened by 
Wood panels Fig 2: Prototype Structure 
3. OUTLINE OF THE ONLINE HYBRID TEST 
3.1. Design of prototype building and test specimens 
The prototype structure is a 3 story, 6 bay and 1 span steel frame building (Fig 2). The structure is a 
residential building, whose story height is 3 m and the span length is 6 m. Stud-type dampers are installed 
in one of the bays. The dampers consist of slitted steel plates stiffened by wood panels for the upper areas 
of the stories and connected to lower rigid zones. 
The base shear coefficient of the prototype building was designed 0.3 for the whole building, and 0.1 
was assumed to be sustained by the stud-type dampers. The stiffness of the dampers was designed to yield 
at the drift angle of 0.2% to 0.3%. The basic properties of the prototype structure were checked using 
pushover analysis. 
The span installing the dampers was tested physically, while the other backup frames were simulated 
numerically (Fig 2). The boundary between them was connected to roller joints. 
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The experimental substructure was designed in the 1/2.4 scale of the prototype. The damper 
specifications are summarized in Table1, and the dampers are shown in Fig 3. The dampers are connected 
with the beam at the top and the pedestal (composed of a series of H-shaped cross-sections) at the bottom 
by intermittent fillet weld. Slits were cut using a laser, and the slit ends were trimmed in a circular arc to 
minimize stress concentration. Two wood panels sandwiched a steel plate and were tightened using bolts. 
Long boltholes were designed such that the shear force transfer to the wood panels would not occur up to 
a 5% shear deformation. 
3.2. Online hybrid test system and Experimental Plan 
The online hybrid system is an experimental method to obtain the earthquake response of a structural 
system. In this test, the structure is divided into two parts. One, whose earthquake responses are well-
known, is simulated by PC and the other, whose behavior must be investigated, is tested experimentally. 
The data obtained individually in two parts are combined and analyzed to result in the earthquake 
response of the whole structure using the substructuring techniques. 
Fig 4 shows the loading setup. The horizontal load was applied to the specimen by three 1.5MN 
hydraulic jacks installed at respective floor levels. 
We conducted online hybrid tests using the seismic wave of El Centro, normalized by peak ground 
velocities of 0.25m/s (serviceability level) and 0.5m/s (safety level). The first 30 seconds of the ground 
motion was simulated. After online hybrid tests, we conducted a push-over test to investigate the ultimate 
behavior of the dampers. 
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Table 1: Damper Specifications 
Story 
Thickness of Steel 
Plate(mm) 
Thickness of Wood 
Panels(mm) 
Strength(kN) 
Stiffness 
(kN/mm) 
1 2.3 18 95 47 
2 2.3 18 95 65 
3 1.2 12 50 25 
4. TEST RESULTS 
The specimen frame remained elastic for the serviceability level earthquake. As the deformations were 
distributed uniformly for all stories, plastic hinges were not found at the beam for the safety level 
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earthquake. Design of the prototype building was proven to be adequate. More than 80% of the total 
energy exerted into the building was dissipated in the dampers for the serviceability level earthquake, and 
more than 50% for the safety level earthquake. 
The shear force versus drift angle relationships of the dampers are illustrated in Fig 5. All dampers 
yield at a drift angle of 0.2% to 0.3%. No strength deterioration is observed, and the hysteretic loops are 
stable. The loops are spindle-shaped for the serviceability level earthquake, but for the safety level 
earthquake, hysteretic loops show little pinching for the second and third stories. It can be attributed to the 
decreased number of slit layer for the second story damper and relatively small stiffening effect due to 
thin wood panels adopted for the third story damper. The equivalent viscous damping of the damper is 0.2 
to 0.3 for each story and is kept constant even after large inputs. 
After the online hybrid tests, push-over test was conducted. The loads applied to respective stories 
were controlled for the ratio of loads achieved at the time of maximum drift occurred in the online hybrid 
tests for the safety level earthquake. We stopped the test when a bolt fractured in the first story. The out-
of plane deformations of the slitted steel plates scattered around each slit end without local deformations 
at four corners of the plate (Fig 6). Small cracks occurred in the slit ends at a drift angle of over 5%, but 
they did not lead serious strength deterioration. The stud-type dampers we proposed show stable 
hysteretic behavior up to a very large drift angle. 
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Fig 6: Out-of-plane buckling of Dampers 
5. CONCLUSIONS 
Seismic responses of a three-story steel frame equipped with stud-type dampers using slitted steel 
plates were investigated by online hybrid tests. Major findings are summarized as follows: 
1. Design of the prototype building was adequate, because the deformations were distributed 
uniformly to all stories and plastic hinges did not occur at the beams. 
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2. The dampers showed plastic behavior in early stages, absorbed more than 80% of the total 
energy for the serviceability level earthquake, and more than 50% for the safety level earthquake. 
3. In the push-over test, out-of-plane deformations occurred at each slit end uniformly, and stable 
hysteretic behavior was observed up to a drift angle of 6%. 
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